From an environmental engineering point of view, pharmaceuticals such as antibiotics are a group of man-made chemicals of concern entering the environment in concentrations at which, the health effects are unknown. The problem that may be created by the presence of antibiotics at low concentrations in the environment is the development of antibiotic resistant microorganisms. In this study, three pharmaceutical drugs manufactured in Palestine were studied in waste water and their adsorption in agriculture soil was studied using soil columns. During the study of soil columns, it was noted that the concentration of caffeine in leachate was higher than that of ibuprofen and amoxicillin, as caffeine has higher aqueous solubility. Ibuprofen and amoxicillin were present in leachate with very small concentrations, due to their degradation and decomposition into other substances that may be harmful, and affect the natural properties of soil, groundwater and human health. The decomposition percentages of the pharmaceuticals in the soil columns were 97.82, 97.88 and 86.52% for amoxicillin, ibuprofen and caffeine for one year's study, respectively. For the fifteen years, the decomposition percentages were 94.04, 96.60 and 93.70% for amoxicillin, ibuprofen and caffeine, respectively. Kinetics Leachate Adsorption Pharmaceuticals Chemical oxygen demand (COD) Biochemical oxygen demand (BOD)
Introduction
Landfill leachates are heavily loaded with different types of organic and inorganic contaminants and present a major risk with respect to contamination of natural water resources [1] . In unprotected landfills, leachates infiltrate vertically through the vadose soil zone below the landfill and eventually reach the groundwater aquifer, forming anaerobic plumes [2] , that can pose a serious threat to drinking water resources [3] . In landfills, which include a leachate collection system, it is mandatory to treat the collected leachate before its release into ambient surface waters.
New pharmaceutical residues in the environment, and their potential toxic effects, already have been recognized as an emerging research area in environmental chemistry [4] . A better knowledge of the occurrence and fate of pharmaceuticals release to the environment will attain a proper risk assessment for river basins; wetlands and others related ecosystems [5] . It is now well established that pharmaceuticals are widespread contaminants of wastewater effluents [6] [7] , surface and drinking waters, but limited publications are concerned with their occurrence in terrestrial ecosystems [4] .
Drinking water for major areas in the world is produced from surface as well as groundwater. Filtering cannot be achieved for all pollutants, neither from surface to groundwater, nor from soils to streams or wells. Soil infiltration is becoming more common for wastewater effluents in developed countries as a tertiary treatment process and a way of reusing water as resources become scarcer [8] . The use of wastewater, often untreated, to irrigate soils occurs widely in less developed countries and has done so for many years [9] .
In different countries including Palestine, drugs and their metabolites have been repeatedly detected in ground and surface waters and occasionally in drinking water [10] [11] [12] . After intake, the drugs or metabolites are excreted and reach the sewage plant through the sewage system. Because of the absence of any specific absorption or degradation system, drugs and their metabolites reach the pond water and ground water [10] [11] [12] . Further sources include the improper disposal of residual or outdated drugs through the sewage systems of private households, and the improper disposal on dumps, which possibly bypasses the sewage plant.
In general, most pharmaceuticals in the environment are the result of human excretion but also pharmaceuticals may be found in low concentrations in landfill leachate, discharged to wastewater treatment plants. Although the science is limited, this might suggest that landfill disposal of pharmaceuticals may be a low-risk practice. Wastewater treatment plants are not designed to remove pharmaceuticals, so this also can be viewed as a minor pathway by which pharmaceuticals reach the environment. According to a 2007 report [13] prepared for the Oregon Association of Clean Water Agencies, only a few studies prior to that date had examined concentrations of pharmaceutical compounds in leachate from lined landfills and all of those studies focused on landfills in countries other than the U.S. [14] . The report concluded that theoretical calculations and field data suggest that drugs disposed of in municipal solid waste landfills contribute only a small fraction (< 1%) of the total load of pharmaceutical compounds discharged to surface water via municipal wastewater treatment plants and landfill leachate treatment systems. In most developed countries, landfills are now equipped with engineered liners and leachate collection systems in order to minimize the adverse impacts of leachate on the surrounding environment [15] .
In this study three selected pharmaceutical products manufactured by major drug companies in Palestine were chosen, to study their presence in the wastewater of those companies and to study their leachate in soil using a plastic pipes columns filled with agriculture soil. The objective of this study is to understand the fate of those drugs, waste penetrating groundwater through soil using soil columns and add different concentrations of those drugs in the columns and collect the leachates out of those columns. This will be explained in details in the methods and materials section.
Experimental
The research experimental work basically depends on determining the concentration of residues of amoxicillin, ibuprofen, and caffeine (Scheme 1) versus time in soil, and leachate, which is considered by three terms, Zero-term, shortterm (one year), and long-term concentration (fifteen years) which all of which will be explained later. 
Instrumentation
High-Performance Liquid Chromatography (HPLC) consisted of a Waters Millipore (Bedford, MA) 6000A pump, SpectraPhysics (San Jose, CA) 3000A automatic injector with column heater, Waters/Millipore 440 dual fixed wavelength UV detector, Spectra Physics Winner data collection system with 4270 integrator and a column of Whatman 10 cm Partishere 5 C18 µm packing. The injection volume used was 10 µL with a flow rate of 1 mL/min. Data was collected at 254, 230 and 256 nm for ibuprofen, amoxicillin, and caffeine, respectively at 2.5 points/second. Column temperature was regulated at 30 o C, a few degrees above ambient temperature to stabilize retention time.
Soil column preparation
Seven columns of Polyvinyl chloride (PVC) (15 x 100 cm) were prepared after filling them with sieved soil ˂63 mm. All of the columns were prepared by adding distilled water through them to insure that there are no gaps or spaces between the soil pieces. The first column was used as blank which had only soil and distilled water. The second column represented one year's expectation to see what will happen to the drug after it was adsorbed by soil. The second and third columns were polluted using amoxicillin contained at 50 mg/L, solution containing 0.2034 g for one year and 3.054 g in 4.0 L for 15-years. Usually we add 4 liters of 50 mg/L of amoxicillin to the soil in the column to study the adsorption and leachate. The third column was used for the study of the adsorption for 15 years, which is basically adding 4 liters of 750 mg/L of amoxicillin and studying the adsorption and leachate. The fourth column was polluted with Ibuprofen; a solution containing 0.2034 g of Ibuprofen in a 4.0 L container with 50 mg/L was prepared and added to the column, therefore it was labeled (ibuprofen one-year). The fifth column contained 3.054 g of Ibuprofen powder in 4.0 L, contained 150 mg/L of ibuprofen and labeled ibuprofen 15 years. These labels are related with the study of the fate of pharmaceuticals in one year and 15 years, respectively. The sixth and seventh columns were polluted using caffeine of 50 mg/L solutions containing 0.2034 g for one year, and 3.054 g for 15-years. After the addition of pharmaceuticals to the columns, soil columns were left for 24 hrs to ensure a complete adsorption process on soil. Of course each column was prepared by adding distilled water before addition drugs to wet the columns and make sure that there was no air between soil granules and the water running smoothly in the columns.
In Palestine it rains an average of 43 days a year and we used this number to add the drugs to column 43 times and we collected the leachate every 72 hours for HPLC analysis. The leachates were centrifuged at 1100 g for 20 min, and then, the supernatant solution was decanted, filtered through 0.45 µm Acrodisk filters, and stored at 4 o C before analysis using HPLC. At the end of the experiment, each soil column was cut into eight parts (0-25, 25-50, 50-75, 75-100, 100-125, 125-150, 150-175, 175-200 cm).
The soil was taken out and extracted with double-deionized water (DDW) at 18 MΩ resistivity. All pharmaceuticals and chemicals were purchased from the Sun Company in Palestine and all chemicals with of very high purity. The other pharmaceutical materials (samples for studies) were manufactured in Palestine (Beir Zeit, Dar El-shefa and Jerusalem Pharmaceutical Companies).
All standard solutions used in the experiment were analytical reagent grade or of extra pure quality unless otherwise indicated. All glassware and plastic containers were soaked overnight in 10% nitric acid and rinsed with DDW before they were used for analysis.
HPLC scanning of amoxicillin
For detection the wavelength of pharmaceuticals using UV detector, chemicals and reagents like acetonitrile solution, monobasic potassium phosphate, sodium hydroxide, distilled water, and the pharmaceuticals were used. In this experiment three solutions were prepared:
Mobile phase solution prepared from a diluent and acetonitrile (96:4), the diluent was a mixture of 6.9 g of monobasic potassium phosphate with 1000 mL distilled water, adjusted with 45% NaOH solution to a pH of 5.0 ± 0.1.
The standard solution was prepared by dissolving an accurately weighed quantity of the pharmaceuticals to be studied in diluents to obtain a solution having a known concentration of about 1.2 mg/mL (degassed by ultrasonication before use). The retention time and wavelength for each drug are shown in Table 1 . 
Calibration curves
Standard calibration curves for amoxicillin, ibuprofen, and caffeine were made by preparing a stock solution containing 500 mg/L of ibuprofen, amoxicillin and caffeine as reference standards and then transferred into 100 mL volumetric flasks of 10, 30, 40, 50 and 60 mg/L of each compound. Absorbance readings were recorded at 254 nm for ibuprofen, 230 nm for amoxicillin, and at 256 nm for caffeine.
Results and discussion

Soil tests
Samples of red soil were analyzed in order to evaluate the soil texture, moisture, pH value, and specific gravity. Table 2 shows the results obtained from these tests.
From the table it was noticed that the silt percentage is larger than the clay and both organic carbon and organic matter were high which increased the adsorption capacity of drugs. 
Polluted leachate water from ibuprofen, amoxicillin, and caffeine analysis
The leachate water that flowed from each soil column was kept in well closed High Density Polyethylene (HDPE) containers and stored in refrigerator at 7 o C and then analyzed by HPLC. The absorbance readings were recorded, and converted to concentrations (mg/L) using standard calibration curves. The results are shown in Figure 1-3 for the three drugs and this data represents the kinetic study for the leachate in one and 15 years, respectively.
From the results that have been obtained, the speed of flow of water in blank columns is much higher than in other columns with added medications because of the lack soil correlation with any other additives.
Hydrolysis of ibuprofen, amoxicillin, and caffeine in polluted water followed first order kinetics as prescribed in the plotted graphs (Figure 1, 2 and 3) . Straight lines were obtained after plotting Ln[A] vs. time and it agrees with previous studies [18] [19] [20] [21] .
As prescribed in Figure 2 . The concentration measured of ibuprofen in polluted water was decreased among the one year and 15-years columns, due to the limited mobility of the compound and rapid degradation, and because the soil used in the experiment has a pH of 7.41. Ibuprofen dissolved in acidic media more than any other pharmaceuticals [18] .
It was noted that amoxicillin concentrations decreased less dramatically and rapidly than ibuprofen due to its nature, as it decomposes during the first 6 hours of time [22] . While it was observed that the concentrations of caffeine were obviously larger than both ibuprofen and amoxicillin, this is because caffeine is a more water soluble compound [23] . 
Distribution of pharmaceutical in soil columns after finishing the leachate study
After finishing the leachate studies from the columns in one year and fifteen year studies, the columns were cut-off for 8 equal parts and a representative sample of soil was taken from each part as described in Section 2.2 to see the distribution of adsorption in each layer of the columns.
From the results of this part of study, the pharmaceuticals were distributed along the columns. Amoxicillin in one and fifteen years soil columns (Figure 4 and 5) , showed the highest concentrations in the region of 0-25 cm, and the amount of amoxicillin was rapidly decreased as increasing in soil depth, which was an indication of amoxicillin low mobility in soil due to its rapid degradation [22] . In Ibuprofen one year and fifteen years soil columns (Figure 4 and 5) , the highest concentrations were found in the region of 0-25 and 25-50 cm, because it had both hydrophilic and hydrophobic features, so it can dissolve in water and adsorb on soil at the same time.
In Caffeine one and fifteen years columns (Figure 4 and 5), especially in the region of 150-175 and 175-200 cm, indicated a higher mobility of caffeine than ibuprofen and amoxicillin in soil. On the other hand, caffeine has higher solubility in water than others do [23] .
Mass balance
The purpose from this process is accounting for pharmaceuticals entering and leaving a system, mathematically the mass balance for a system without a chemical reaction is as follows:
Input= Output + Accumulation ( 1 ) In our study we have the following equation: Input = Output (conc. in leachate) + (conc. adsorbed on soil) + (Decomposed m a t e r i a l s ) ( 2)
The input of each drug per day was 50 mg/L, and the total input for each drug in 43 days was 2150 mg/L. Table 3 shows the mass balance for the pharmaceuticals drugs that we used in our study. For amoxicillin its output was not of equal input because it's a very degradable compound and affects with biological and non-biological factors in soil and wastewater especially ammonia, phosphate and hydroxyl groups. All of these factors can participate in the reduction of amoxicillin level. Again in the case of ibuprofen it decomposed thermally producing many toxic products like 4-isobutlacetophenone which is a popular non-prescription drug that may entail prolonged use. It's used to monitor the presence of all degradation products and to study their long term toxicity [24] .
For caffeine, it degrades within a few weeks and produces the o-bromine and the o-phylline compounds which are useful in the industrial world [25] [26] .
The results in Table 3 might be explained in two ways: First the life time of those pharmaceuticals are less than 5 hours. Secondly, whatever we got without degradation has been diluted due to daily addition of amoxicillin, ibuprofen and caffeine, in addition to the bacterial effect and that's why we got very small concentrations, less than 1 mg/L [27].
Conclusion
The adsorption characteristics of pharmaceuticals in soils and ground water are of great importance environmentally, because such processes are associated with the ecotoxicity, degradation, transportation, and bioaccumulation in the soil environment. Adsorption of ibuprofen, amoxicillin, and caffeine was studied using soil columns and the following results were obtained.
The leachate and equilibrium of ibuprofen, amoxicillin and caffeine were best described using first-order reaction and Freundlich isotherm. Ibuprofen concentration was decreased in leachates amongst the one year and 15-years columns. This was due to the soil passage acting as an effective barrier for ibuprofen, due to sorption and/or due to microbial degradation and this will affect its mobility.
Amoxicillin concentrations decreased dramatically and rapidly in leachate among the one year and 15-years columns, more than ibuprofen due to its nature as a high degradable compound.
Another observation was observed. The concentrations of caffeine were obviously larger than that in ibuprofen and amoxicillin amongst the one year and 15-years columns; this is because of that caffeine is more water soluble; despite it not reaching 1 mg/L. During the columns' study the leachate from those columns was found to be less than 1.0 mg/L which means that there will be no environmental effects of those pharmaceuticals on the ground water nor are further studies required.
